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FROM THE SANATORIUM FOR TUBERCULOSIS IN THE BONES AND JOINTS,
KAKASSZEK AND THE CENTRAL RESEARCH INSTITUTE OF THE BLOOI
TRANSFUSION SERVICE, BUDAPEST, HUNGARY

ARTHROPLASTY USING OF BIOP'.AST IN
TUBERCULOUS COXITIS :

By

PAL KovAcs, M.D. and MIHALY GERENDAS, Ph.D.

In the therapy of articular tuberculosis the aim has for a long time
been to preserve the mobility of joints, but up to recent times there
has not heen much chance of success. The advent of antituberculotics
raised great hopes also in this sphere and, in fact. the number of
spontaneously healed mobile joints has increased, particularly in cascs
where treatment was started carly enough. Unfortunaiciy. arthroplasty
with the application of metal or synthetic interpositums to promote
mobility did not yield good results and in the literat:ire opinion becams
general that the use of vitallium or acrylate caps in tuberculosis of
the joints was contraindicated.

The absorbable ecap produced from fibrin powder by high pressure
represents a significant advance (Fig. 1). This synthetic material of
protein named bioplast shows affinity with the tissucs, contains no
toxic or carcinogenic <ubstances, and possesses  the required con-
sistency -and elasticity: more important than any other quality, how-
ever, is its susceptibility to being broken down by proteolytic enzymes
and absorbed. By the aid of chemical pre-treatment. absorption time
can be regulated to take from three or four weeks to seven o cight
months, as required.

~The first models were given a trial in the hip joints of dogs by
Zinner, Gerendads, and Biré (11), and then, on the basis of the results,
in clinical practice. A fibrin cap- fashioned to [it the joint in shape and
size — j)laccd on the femoral head prevents merging ossification of
contiguous articular endings. After operation the cap promotes mobility
of the limh. and under its protection cartilage develeps on the articular
surfaces owing to the infiuence of function. Finally. six to cight months
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Fiy. 1.
Bioplast cap.

following implantation—when regeneration has run its course—the
cap is absorbed and disappears without leaving behind any trace. This
circumstance ensures in the most favourable manner free motion of
the joint (2, 3). ’ '

Therapy of tubcerculous coxitis aimed at restoring motion calls for
consideration of three aspects:

Whether maintenance of, or insistence on, motion involves no danger
of relapse.

Differentiation of cases where mobility is desirable from those where
stable, stiff joints offer an advantage.

The most suitable procedure for obtaining good motion in articular
tuberculosis.

1) Prior to the intreduction of antituberculotics the view was as
good as unanimous that a tuberculous process can be healed only by
complete ossification; therefore the objective was to stiffen the joint
at any price. However, observations recorded during the ten years that
have clapsed since initiation of the use of antituberculotics have drawn
attention to many angles that might lead to more complete healing of
tubereulosis in the joints (1, 4, 6, 10).

For several years full recovery and satisfactory motion have been
noted in the treatment of carly, superficial, or synovial processes. In
most instances, well-funetioning joints have been obtained after cli-
mination of foci and neercctomy. Resection in coxotuberculosis has
also been followed by uneventful recovery, as well as restoration of

, good motion within a few months, and the favourable results persist
, after the passage of several years. Henee in these cases the maintenance
' of motion has exerted no harmful effects on the course of tuberculosis. .
| Still more encouraging is the fact that the dreaded dangers of former
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times, miliary and meningeal dissemination, have not been encountered
among our more than 3000 cases of osteotuberculosis treated in the
last ten years. It is therefore plausible that we are in favour of restor-
ing motion (7).

2) In our experience, endeavours to retain motion are worthwhile
in every case where the slightness of articular destruction permits hope
of success. If after a time it becomes obvious that the joint shows
functional insufficiency associated with pain and inadequate capacity,
only then is the stabilizing operation performed. To further our efforts
we omit—if possible—the application of plaster and employ intensive
water curc and physiotherapy when tuberculosis has assumed quics-

cence. i
3) The literature agrees on the point that arthroplasty with vital- ;
lium and other prostheses does not produce favourable results and
is thus contraindicated in general (5, 8). However, as evidenced by our
experiences, fibrin caps, too, ensure the maintenance of motion, while
owing to absorption, their usc is free from thesserious disadvantages
of prostheses; morcover, they contribute to the development of smooth
articular surfaces and are well tolerated by tuberculous tissuec.
In 1955 thesce considerations induced us to begin the use of fibrin
caps in hip resections. So far we have performed twenty operations. The
present paper gives a report on ten cases where the follow-up period
since surgery has been two to three years. The results of later opera-
tions arc not evaluated here, but we may remark that they are equally .
encouraging.

METHOD

Our operated cases include five male and five female patients (TableI).

Pretreatment usually takes one to three months. Rest is ensured
by extension, in the presence of severe pain, by plaster. As medicamen-
tous therapy Streptomycin (SM) + isonicotinic acid hydrazide (INH),
or INH + para-aminosalicylic acid (PAS) arc administered in com-
bination. The object of pretreatment is to obtain regression. If destruc-
tion increases and the joint is threatened by the danger of more exten-
sive destruction, the patient is operated on without delay.

Indicalion—Stiffness and limited mobility of the contralateral side
constitute absolute indications for surgery. Apart from these symp-
toms, slight destruction in the case of children, young women, and
persons with a sedentary occupation is also regarded as an indication
for surgery. Patients having to perform difficult movements in an up-

N e
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TABLE 1

! . : ; [ Onset of 1 . . .
No. Name | Age i Sex | ‘(lxécase | Diagnosis Histology
i i t L years |
1. BJ. 8 years boy % Tuberculous coxitis, right side Tuberculosis
2. K.M. 14 years girl 4 Tuberculous coxitis, right side Regressive tuberculosis
3. B.T, 19 years girl 2 Tuberculous coxitis, left side Cascous tuberculosis
4. Sz.Zs. 23 years girl 6 Tubercolous coxitis? left side Chronie inflammation
5. B.J. 12 years boy 1 Tuberculous coxitis, right side Regressive tuberculosis
1 6. B.L. 16 years boy 1 Tuberculous coxitis, right side . Regressive tuberculosis
; 7. M.M. 8 years boy 5 Tuberculous coxitis, right side, Regressive tuberculosis
! tuberculous spondylitis,
i in dorsal vertebrae 8,9, 10, 11
i 8. Sz.Gy. 15 years boy % Tuberculous coxitis, right side Cascous tuberculosis
! Dislocation of coxa, left side
9. F.M. 9 years girl 1% Tuberculous coxitis, left side Tuberculosis
10. H.E. 32 years woman % Tuberculous coxitis, right side Granulation, tuberculosis?

HENL NI ALSVIJOMILLYY
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right position. fare better with stable, stiff joints. However, final
decision usually depends on surgical findings; in most cases of hip
resection we therefore make preparations also for the use of arthro-
plasty with a fibrin cap.

Surgical Technique—Jlxposure is performed by Smith-Peterson's
incision (9). The discased articular parts are removed by resection and
the surfaces are shaped as in preparation for plastic surgery with vital- ‘
lium. Any defeets of the head or the articular acetabulum are filled :
with “blood cake”, chips taken from the hip bone, SM and penicillin
powder. The “blood cake™ is made by mixing of blood from the cavity
and fibrin-thrombin powder. After filling of the defects, the cap is
pulled on the femoral head. If the chief site of infection is in the ar-
ticular acetabulum, a cap of adequate size is placed in the latter and
the head set. In the case of active, suppurative processes, through
drainage is applicd and after operation plaster is put on the pelvis
for a period of two or three weeks. Irrigation with a solution of SM +
INH + penicillin is cffected daily until the development of sceretion
has ceased completely, which generally ensuces in four to ten days. In
regressive, cicatrizing processes, drainage and plaster are omitted;
preference is given to extension traction.

After-Trealmen!. Mobilization of the affected limb requires the most

- carceful individual consideration. Initiation of active and passive move-
ment in bed should rely strictly on clinical, laboratory, and X-ray
findings. As a rule, perfect rest is observed for two to four weeks, then
physiotherapy is gradually introduced, followed by baths and sub-
aqucous cxercise. Usually, the patient begins to move about with
crutches after two or three months, while treatment is continued. The
time for starting unaided movement is determined by the patient’s con-
dition and capacity. Antituberculotics are administered during the
whole time of therapy (Table 11).

CASES

Ten patients have been followed up for two or three years (Table I 1.
The most encouraging results are demonstrated by the fact that the
tuberculous process has healed in all of these ten cases, arlicular capa-
cily is good, the patients use no aid and walk without pain.

Perfect motion has heen obtained in three cases; in one case motion

I Our cases are under control at present since five years. They are showing
further improvement. Qur new cases are also successful.
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TABLE 11
Pretreatment ! Opcration ‘ . After-Treatiment
f FOUS .
No. [ ; i Extension | (]"f"l)ll;‘\‘i(:g. Start in Start ?f
! mlgl'::;s ! Stahilization Drug eyployed ! Date 1 ]Felss:s;l 3 ;l‘{elm!‘).\: l)l:r;:;ﬁg l\'\"ﬂt:;;:
E ’ i months " months months months
1 2 plaster SM. INH Sept. 13, 1955 1 1 4 6
2 3 extension SM, INH Oct, 25, 1955 1 1 2 3
3 2 extension SM, INH Oct. 20, 1955 141 1 8 11
4 2 plaster SM, INH Oct, 25, 1955 1 1 6 8
5 9 extension SM, INH, PAS Nov. 29, 1955 1 1 2 4
6 4 extension SM, INH, PAS Jan. 10, 1956 1 1 2 3
7 6 plaster SM, INH, PAS Jan, 12, 1956 1 1 1% 4
, July 8, 1955
Spondylodesis
8. 2 extension SM, INH, PAS Febr. 2, 1956 1 1 2 24
9. 6 extension SM, INH, PAS Jan. 24, 1957 6 8
10. 2 extension SM, INH April 2, 1957 1 1 2 12
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TABLE III |

Motion per cent

. 1
Painupon |
!

! !

E load-bearing ! Time of : Follow-up
| 1 motion ° |

|

1

No. f After operation ! Tubereulosis Pl results eriod
Before operation - R— ! | | capacily f“‘"“hs I;'eﬂrs
flexion abduction 'a(hluclion; i |
1. painful contractura 100 100 100 healed absent excellent .6 3%
2. absent 30 20 20 healed absent excellent ! 8 3%
3. painful countractura 90 100 100 healed slight good | 24 3%
ES ‘absent bone anchylosis healed absent excellent .8 3%
5. absent 50 20 20 healed absent excellent 6 3%
6. absent 80 100 100 healed absent excellent 12 3%
7. absent 40 20 20 healed absent good 6 3
8. painful contractura 50 50 50. healed absent improving 24 3
9. absent 50 10 10 healed absent excellent 9 2
10. painful contractura 90 100 100 healed slight good 18 2
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Fig. 2-A. Fig. 2-B.

Fig. 2-A. Radiograph prior to operation. Presence of sequestrum in the acetabulum
is clearly visible at Y cartikage.
Fig. 2-B. Radiograph after one year following operation. The actetabular focus
has been completely filled.

is good, in five satisfactory but not quite complete. In one operated
patient subluxation was followed by anchylosis. Since entire freedom
from symptoms persists, no fresh operation has been undertaken.

For the purposc of illustration, three case records are presented
in detail.

Cuase No. 1. J.B., a boy #ged 8 yecars, was admitted on July 13, 1955, with com-
plaints of six months’ standing in the right hip joint. At admission a 150° flexion-
adduction contracture was found, causing intense pain on every attempt at motion,
particularly upon abduction, adduction, and extension, The periarthric region was
swollen. A plaster bandage was put on the pelvis and a course of SM4INH treat-
ment started. The general condition improved, but as radiology revealed increased
destruction of the acetabulum (Fig, 2-A), surgery was undertaken on Sept. 15, 1955.

I The articular soft parts were found to be cascous, the acetabulum cartilage was
completely destroyed and at the Y chondrus there was an approximately nut-sized
i bone destruction spreading towards the pelvis, The femoral head appeared to be
1 intact. After complete eleaning of the acctabulum, the surface was reformed and the
acetabular defect scaled with a fibrin cap. Postoperative treatment consisted of
extension and the administration of SM4INH. After a month the process was com-
pensated, thus active and passive physiotherapy was begun in bed and completed by
subaqueous excercises, In the fourth month the patient could use crutches, was free

from complaints, and in the sixth month was able to walk unaided. Since his dis-
! charge on May 21, 1956, we have scen the patient every three months, last time on ’
‘ January 18, 1959. As shown by radiology, the bone defect has been fully replaced in
one ycar, Motion is completely free and painless; capacity is good (Figs. 2-C and D).

20  ACTA ORTII XXX, 4
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Fig. 2-C. Fig. 2-D.

Fig. 2-C. Perfeet motion of the right hip restored in six months.
© Fig. 2-D. Statically complete function in the right hip.

Case No. 2. L.B,, a boy aged 16 ycars, was admitted on October 20, 1955, with
complaints of 12 months’ standing, He had been given INH-PAS, his abscess had
been tapped several times and he wore a walking machine. At admission the joint
was fixed, a few degrees’ motion occasioned severe pain, and at the side over an
arca as large as a palm some fluctuation could be suspected. Operation was per-
formed on January 10, 1956, Preoperative radiology (Ifig. 3-A) had disclosed an
uneven, constricted articular orifice and small foci in the acetabulum as well as in
the femoral head, with sclerotic environment, Surgical findings accordingly showed
cicatrized granulation and destroyed cartilage. An abscess filled with turbid exudate
was found between the buttocks. Histological investigation confirmed the presence
of regressive tuberculosis. After operation (arthroplasty with fibrin cap) a plaster
bandage was left on for two weceks: extension and SM4-INH were employed con-
currently. In a month the patient’s condition had greatly improved. Active, passive.
and subaqucous exercises were carried on and some walking with erutcehes allowed.
When discharged on April 16, 1956, he could 'walk without crutehes, without any
pain; flexion was 60°, Since then he has heen seen every three months, the last time
on January 18, 1959. A ycar after being discharged. the patient had no complaints
whatever, flexion amounted to 90°, and radiology showed the formation of cartilage )
in the joint (Fig, 3-B). Support was found to be excellent (Figs, 3-C and D).

|
|
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Fig. 3-A. Fig. 3-B.

Fig. 3-A. Preoperative radiograph of right hip. The joint is uneven, constricted,
destroyed, but signs of sclerosing are visible.
Fig. 3-B. Radiograph six months after operation, Articular cartilage surface is

developing.
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Fig. 3-C. Painless 60° flexion one year after operation,
Fig. 3-D. Statically excellent function in right hip.
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Preoperative radiograph of pelvis. In the left hip  Reverse radiograph of right !
congenital dislocation of the coxa, Complete ab- hip. The process threatened ‘

sence of support. On the right, the iliac focus to destroy the whole coxa,
visible over the outer part of the acetabulum, has  therefore surgery was under-
invaded the latter. A taken immediately.

Case No. 3. Gy.Sz., a boy aged 15 years, was admitted on November 16, 1955,
with complaints of six months’ standing in the right hip. Congenital dislocation of
the left coxa was associated with a 12 cm. shortening and the abscence of static
function (Fig., 4-A). An abscess had developed on the right side. As pre-treatment
we employed SMA-INH, INH-FPAS, extension, then incision and topical treatment of
fistula and abscess, with SM+INH solution, Since in reverse radiology the coxa 1
showed increased destruction of the acetabulum and the femoral head was suspected
of sequestration, we decided on surgery. The operation was performed February 2,
1956. Right side hip joint resection was performed along with iliae neerectomy,
arthroplasty with bioplast, and excision of the fistula. As verified by surgical find-
ings, a green-nut-sized acctabular focus had spread and invaded laterally the joint.
The synovia and the cavity displayed tuberculous destruction, The greater part of
the femoral head was alfected together with the cartilage, there was atrophy but no
sign of sequestration. The discased parts were removed and the articular surfaces
re-formed. When the resulting defects had been filled with a mixture of SM -
penicillin and clotted blood. the fibrin cap was fitted on the femoral head, Then, by
a separate incision, the fistula and the abscess were excised to the line of healthy
tissue, Histological investigation confirmed cascous tuberculosis, Aflter operation a
plaster bandage was applicd and SM--INH, later INH--PAS were administered. The
patient showed remarkable improvement; in three weeks the plaster was removed.
aclive and passive physiotherapy was initialed in bed, and subaqueous exereises
were soon added, After two months the patient was allowed to get up and he began
to move about with crutches; by the end of five months all symptoms had vanished
and the hip joint was capable of 30°, painless motion, He was discharged on June
24, 1956, subscquently reported for follow-up examination every three months and
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Fig. 4-C. Cartilage surface began to develop eight months
After two ycars, the following operation,
patient  walked without
crutches; support is good. )
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? Fig. 4-E.
. w ;
Radiograph taken twenty-four months after opera- - . l
‘tion, The tuberculous process has been healed, the
cartilage is becoming stronger, The limb is rotated ] i /’ }
forward, owing to usc and luxation, ") L

continued to take INH-PAS. After the clapse of two years he could walk well
without any crutches, and capacity was good (Fig. 4-C); flexion was 40°; abduction,
20°; adduction, 20°. According to radiographic evidence, the process has healed com-
pletely, articular surfaces have developed, but the limb has a rotary position (Figs.
4-D and E). In this case the result of operation is manifested by inhibition of total
articular destruction and by restored motility,

DISCUSSION

The expericnce and observations of scveral years have furnished
proof that by the help of antituberculotics and appropriate, surgical
intervention, articular tuberculosis can be hcaled, without loss of
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motility by the joint. This applies chicfly to synovial processes and
to cases with slight destruction discovered at an carly stage and given
immediate medical care.

Since the year 1955, articular resection complemented with fibrin cap
arthroplasty has been performed in 20 cases of tuberculous coxitis.
A follow-up period of two-three years justifies the statement that
operation is worth while in every case where destruction is slight and
the patient’s mode of life calls for restoration of articular motility. The -
most significant success achieved by our operations performed to
obtain mobile joints has been the healing of the tuberculous process
in cach case. The conditions of such results are as follows:

Surgery should préfcral)ly be performed in the regressive stage, at-
tained by two-three months of stabilizing treatment with drugs. If the
process nevertheless shows progression, surgical intervention may be
undertaken earlier in order to save the joint. However, in such cascs
after-treatment has to be cautious, which unfortunately limits the

scope of movement. ~

Use of the fibrin cap in arthroplasty in the presence of tuberculosis
constitutes an advance. The substance is neutral to tuberculosis, does
not give rise to any reaction, and the development of cartilage proceeds
favourably under its protection. Radiography has shown that in three
to six months the developed cartilage can be visualized by X-ray.

The extent of motion depends on the condition of the muscles and
the soft parts, on cicatrization which—unfortunately-—-is marked in
recovery from tuberculosis. This consideration has induced us to avoid
plaster bandages where possible, and to employ them only in the case
of intense pain.

The program of after-trcatment is the most essential factor of
therapy and has to be adjusted individually to the patient. Establish-

" ment of a schedule preseribing both the period and measure of stabiliza-
tion, exercise, bathing, moving about with erutches, and unaided walk-
ing, demands great circumspection, and has to be supported by clinical,
laboratory, and x-ray investigations. From our experiences in hip re-
section we have drawn the conclusion that in the case of adherence to
prudent measures, regression may be expeeted to set in within four
{o six weeks.

Finally, it may be stated that, owing to modern diagnostic and
therapeutic procedures, the healing of articular tuberculosis without
loss of motion is possible and should be exploited to the utmost. Hip
rescction combined with use of the fibrin cap is also one of the methods
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serving the purpose of complete restoration in some cases of tuber-

culous coxitis.

f SUMMARY
1) The authors report on ten cases of tuberculous coxitis in which
mobile joints were obtained by the use of fibrin caps in hip resection.
: 2) These patients have been followed-up for a period of three years.
| Judged by healing of tuberculosis and articular capacity, results are
| excellent, motility is satisfactory.
: 3) In cevery process attended by slight destruction or.upon com-
pelling indication, surgery is recommended, particularly in the case
of children and young women.
4) The fibrin cap does not prevent regression of the tuberculous
process, it ensures mobility, promotes the formation of cartilage and,
after having fulfilled its task, is absorbed and vanishes without leaving

behind any trace.

RESUME

1) Les auteurs rendent compte de dix cas de coxite tuberculeuse dans
lesquels il a été oblenu des articulations mobiles au moyen d’une cap-
1 sule de fibrine dans la résection de la hanche.

2) Ces malades ont été suivis pendant unc période de trois ans. Si ,
Ion se base sur la guérison de la tuberculose et 1a capacité articulaire, '
les résultats sont oxccllqnts, Ia mobilité est satisfaisante.

3) Dans tous les cas chez lesquels il est question soit d’unce légére
destruction, soit d’une indication péremptoire, 'intervention chirurgi-
cale est recommandée, en particulier chez les enfants et les jeunes
femmes.

4) La capsule de fibrine n’empéehe pas la régression du processus
tubereuleux, elle assure la mobilité, favorise la formation de cartilage
ot aprés avoir rempli sa mission eclle est absorbée et disparait sans
laisser aucune trace.

ZUSAMMENFASSUNG ' i

| 1) Die Verfasser berichten {iber zehn Fille von tuberkuléser Coxitis,
in denen bewegliche Gelenke mittels der Verwendung von Fibrinkappen
| bei der Hiiftgelenksresektion erhalten wurden.

| 2) Diese Patienten wurden withrend ciner Zeitspanne von drei Jah-
ren beobachtet. Hinsichtlich der Heilung der Tuberkulose und der Ge-
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lenkstunktion waren die Ergebnisse ausgezeichnet und die Beweglich-
keit war zuafriedenstellend.

3) In jedem Prozess, der mit leichler Zerstorung cinhergeht oder bei
zwingender Indikation wird der chirurgische Eingriff anbefohlen, be-
sonders bei Kindern oder jungen Frauen.

4) Die Fibrinkuppe verhindert das Zuriickgehen des tuberkulosen
Prozesses nicht, sie sichert die Beweglichkeit, befordert die Knorpelbil-
dung und wird resorbiert nachdem sie ihre Aufgabe vollfiithrt hat ohne
irgend cine Spur zu hinterlassen.

!
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Tapasztalataink bioplaszt készitményekkel

DOCZY AGNES
Orszagos Vértranszfuziés Szolgalat Kézponti Kutaté Intézete, Budapest

A sebészetben — foleg plasticai mitéteknél — egyre nagyobb teret
kapnak a kiilonféle, prothesisként alkalmazott miianyagok. Ezen mutétek~
nél azonban sokszor igen fontos kdvetelmény, hogy az alkalmazott anyag
csak ideiglenesen maradjon a betiltetés helyén. Erre a célra szolgilnak az
altalunk eléallitott un. bioplastok, melyek fibrinb8l — tehat testazonos
anyaghol — késziilnek. Az anyag jellemzé tulajdonsaga, hogy a szoveti
fermentek hatasdra lebomlik és felszivédik!, tehat reoperaciéval vald
eltavolitdsa feleslegessé valik (1. 4bra).
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1. ABRA

Sz8veti fermentek bonto hatdsa. A szintetikus mianyagok molekula-ldncaira hatdstalanok,
: mig a polypeptid-kitést elbontjdk

Intézetiinkben 1953 éta foglalkozunk ezen anyag eldéllitidsaval,
f6képpen arthroplastica céljara. Erre azért volt sziikség, mert a vitallium-
mal végzett eddigi mdtétek csonttulszaporulatot okoztak, és ezéltal
a mozgas korlalozédott. Zinner és Gerendds a fibrin-kupak modszerét
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dolgoztdk ki arthrosisok kévetkeztében merevvé valt csipbiziiletek mobili-
zalasara® %4 Kés6bb Kovdes™® tbe-s megbetegedéseknsl is alkalmazta
kivalé eredménnyel (2. dbra). Frankl allkapocsiziilet mobilizaldsara hasz-
nélta fel a fibrinkupakot. Egyik esetében 18 éves férfi kozeépfilgyulladas
kovetkeztében létrejott allkapocs ankylosisat sikeriilt megsziintetnie®.
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B. I. 12 éves fin tbc-s csipSizilleti folyamatdnak réntgenképei: a) a fibrinkupak bemiitése
elbttt lelet; b) mitét utdn 9 honappal mdr ldtszik a medenmcecsont hidnyainak kitdltédése;
c) miitét utdn 18 honappal a csonthidny teljesen kitolt6dot! és ax izillet mozgdsképes
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3. ABRA

Fibrinkupak all:almazdsa dllkapocs miitéinél. a) Mdtét elétti max. sxdjnyilds 2 mm,
b) Mitét utdn 2', érvel a szdjnyilds 3—3%: cm
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A beteg maximélis szajnyitdasa miitét elétt 2 mm volt. Az alkalmazott
fibrinsapka bemiitése utan 21/, évvel a fiu szajnyitisa 3—3!/, cm lett
(3. abra).

Ezen eredmények arra késztettek bennlinket, hogy a bioplastokat mas
terlileteken is felhasznaljuk, és eldallitasukat leegyszerlsitsiik., Munkam
sorén sikerilt elérnem, hogy most mar ugy a kupakokat, mint egyéb
formadarabokat kézipréseléssel allitunk el6. A kovetkezékben szeretném
a bioplastok el6allitdsi modjat roviden vazolni és Ujabb felhasznalési
teriileteit ismertetni. ' .

Az elézé évek munkdjatol eltérden a Dioplastokhoz szitkséges fibrinport
a Cohn I-es frakeiobol nyerjiik és laboratériumunkban préseljiik. Az eljiras eldnye,
hogy egyszer(iségénél fogva barmely laboratérium elkészitheti a kivant formakat
(4., 5., 6. abra). :
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Fibrinkupakok preselése fémformaval. a) Fibrinpor betoltése. b) A kész kupak kiemelése
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5. ABRA 6. ABRA

Gipszmintdrdssul készitett bioplast csavar

Gipszminty keszitese

Préselés ulan a mintadarabokat a megfelel6 kémiai kezeléspek vetjlik ’alé,
ugyanis ezzel az anyag felszivodasi folyamatat mintegy idéziteni tudjuk. Felhasznalds
elétt az idomok autokldvban sterilizilhaték. A kiilonbdzé formadarabokat a 7. 4bran

mutatjuk be. .

A sebészeti osztalyokkal végzett egyiittmikddésiink azt mutatta, hogy
a fibrin megfelelének mutatkozik a felszivédé milanyaggal szemben
tadmasztott sebészeti igények kielégitésére.
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7. ABRA Kad
Bioplast formadarabok: a) kupakok, b) csévek, ¢ tomb, d) csavarok, e) lemez
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) 8. ABRA
Flbrinhdloval megerdsitett fibrinlemez bLehelyezése sérv mitétndl

254

Declassified in Part - Sanitized Copy Approvéd for Release 2011/11/10 : CIA-RDP80T00246A018300420001-2



Declassified in Part - Sanitized Copy Approved for Release 2011/11/10 : CIA-RDP80T00246A018306420001-2

Dragon (Szentes) fibrinesdveinket alkalmazta choledochus pétldsdra jo
eredménnyel. A vastagfalu fibrinesd betiltetése lehetévé tette az epelefolyas
zavartalansagat. Egy esetben hossza ideig fenndllé choledochus sipolyt is
szajadztatott vékonybélbe szintén eredményesen.

Fibrinfilmeket 1I. és III. fokd égéseknél hasznaltak fel a sebfeliilet
boritasara. Megfigyelték, hogy a II. foku égéseknél hamarabb tortént
a hamosodas az alap felél, tehatl a film a regeneraciét mintegy elosegitette.

 Fréhlich és Ambrézy (Gyula) szintén choledochus pétldsdra hasznaltak
fibrincsovet, a szokdsos Kehr-csé helyett.

Szovetdefectusok potlassra igen jonak bizonyult a fibrinszéllal atszdtt
bioplastlemez. Hollésy (Kalocsa) alkalmazta recidivdlt ldgyéksérv eseteiben
(8. abra). Az anyagot jonak tartja, mert mint homoiotransplantdtum nem
okoz carcigonén hatdst és elSsegiti az ellendllo hegszovet gyors kialaku-
l4sat, s ezaltal ujabb recidiva mar nem jott létre.

Legujabb kisérleteinkben Biréval (Orthopaed klinika, Budapest)
snvarratok védelmére végeztiink allatkisérleteket, hogy igy biztositsuk az
inszalag funkcionalis mikodését. A tapasztalat és a kontrollon végzett
kisérletek ugyanis azt mutattdk, hogy fibrincsé védelme nélkiil a sértett
in letapadt. :

Osszeioglalas

A fibrinbél késziilt un. bioplastok mint felszivédé formadarabok
bizonyos orthopaed és altalanos sebészi miitéteknél az eddigi anyagokkal
szemben sokkal jobban megfelelnek a kovetelményeknek, mivel a reope-
racié kikiiszobolésével a beteget megkiméljitk egy masodik, komoly beavat-
kozastol. Ezenkivill megfigyeltiik, hogy a bioplastok a regenerdciéra is
kedvezd hatast fejtenek ki. Ismertettikk a bioplastok eddigi alkalmazasi
teriileteit és beszamoltunk néhany ujabb eredményrol.

"

Clinical Use of Bioplastic
A. DOCZY

In surgery — and mainly in plastic surgery various synthetic substances
\ - employed as protheses find an ever increasing use. However, in some operations
it is an important requirement that the used substance remains only temporarily
on the site of the implantation. This purpose is served by our bioplast prepara-
{ions which are made from fibrin, thus a body-identical substance. The cha-
racteristic property of bioplasts is that they decompose and absorb on the
effect of tissue ferments and their reoperative removal is thereby unnecessary.
Bioplasts were prepared heretofore mainly for the mobilization of hip-
joints and mandible joints, dural replacements, for the preservation of nerve
sutures. The most recent preparaticns are: reticular fibrin-net embedded in
fibrin-film for hernial or peritoneal operations, fibrin-tubes to be applied in
choledochal plastics and the preparation of ‘choledochal fistula, fibrin-film to
cover epithelial defects in cases of IL and IIL rate burns, fibrin tubes for the
protection of tendon sutures.
Cooperation with surgical departments established that fibrin proves to
meet the demands required of absortive synthetic substances in surgical practice.
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OneiT npuMenennsa mpemaparToB Gmonnacta
A. 0OIIN

B xupvpruuveckoii npaxruxe, B ocoGenHocTH NpH NIACTHYECKHX ONepauusx, pas-
JIMUHBIE HCKYCCTBEHHBIE MATepHaJbl, HCTIOIB30BAHHLIE B KAuecTBE NpOTE30B, HAXOMUT BCe
Goslee mMpoKoe none npumeneHnsl. IIpu 0TAEABHBIX One paLKAX, ONHAKO, YACTO BAXKHBIM
TpeGoBaHUeM SIBNSIETCS TO, uTOOH M pHMEHSEMBI MaTepHas 0CTaBAJICSl HA MeCTe MMMNNaH-
TauuK JMWb BpPEMEHHO. LIS 3TOi LlestH CTy’>KaT BhLipaGoTaHHbe HaMmi Guonnactsi, cocras-
JieHnse W3 QHGPHHA, 3HAYMT, M3 BemIECTBA OJHOPOAHOO € TeaoM. BUONIACTE! o6nanaior
Toli XapaKTepHOit 0COGEHHOCTBIO, YTO OHH, IOJ BAMSHMEM TKAHEBbIX (e pmenToB, pasnara-
10TCS1 M BCACLIBAIOTCS M, MOITOMY, HET HANOGHOCTH B BX VA@JeHHH MYTCM peorne pamuH.

BronnacTsl 10 cHX NOp NpPOMSBOMMINCH HAMM ST MOGHIIM3AIGIM Tasolenpexnoro
CYCTaBa H CYCTABOB YeJIOCTH, A71A 3aMEHB TBE pHOH MO3ropoit 000J104KH, LIS 3aMUTH! He pB-
HLIX WBOB ¥ T.I. Hawk HoBLie NMpenapaTsl Clenyiowie : GuGpUNHAST CeTKA, BAOXKCHHAS B
(GHOPURHYIO NIGHKY RIS ONe paLuMit TpBDK 1 OprowHoit cTenkn; Quépunise TpyGouxu Rus
TIACTHICM JKETYHOTO MTPOTOKA M CO3AAHMSI CBHINA JKCIYHOIO TTPOTOKA; (P40 PHHIbIC MACHKY
&N1s1 OKPLITHST 061aCTHOM, JTUWEHHBIX MUTCAHS NpH ojkoTax 2 11 3 cTeneum; (b pHHHLIC
TpYGOUKH ISt BAMMTH CYXOIKHIBHBIX WBOB, ¥ (UG pHHHbIC CTe PYKCHBKH JUIST OTIC PATHBHOT'O
JICYCHHST NMOBPCIKACHUI CNE3HOTO KaHANbUA. : ,

Hawe CcOTPYAHHYCCTBO ¢ XUPYPrHUECKMM OTACHCHHSMIL noxasniBacr, yro (népun
VAOBJICTEO PSICT XHDYPrUUCCKHM TPCOOBAHMSM, NDPELBALICHHBIM 10 OTHOMCHHIO K BCACHI-
BAIOMIEMYCST HCKYCCTBCHHOMY MaTe puany.
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11. 1 (1957). — 2. Zinner N.. Gerendds M. és Biré T.: Az fziiletképzés uj modja, Orv. Hetil. 95, 952
(1954). — 3. Zinner, N. and Biré, T.: A new method in arthroplasty. Rheumatism. 15, 69 (1959).
— 4. Gerendds, M. und BirS, T.: Bioplaste und ihre klinische Anwendung. IV. Intern. Kong.
Biochemistry, Wien, Pergamon Press, London, 1958, 175. — 5. Kowvdes P. és Gerendds M.: Arthro-
plastica coxitis tbc-ben fibrinkupakkal. Orv. Hetil, 101, 1387 (1960). — 6. Gerendds, M.: Resorbler-
bare Endoprothese aus Biloplast. Radiol. Diagn. 1, 250 (1960). - 7, Gerendds, M.: Bloplasts and
their use in surgery. Therap. Hung. 7, 6 (1959).
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From the Ceniral Research Institute of the National Blood Donor Scrvice (Director: Dr. Z. Hollan), Budapest

BIOPLASTS AND TIEIR USE IN SURGERY

Prof. M. GERENDAS

WViewpoinis in iue {'se of Metals and Plastics in Surgery

Metals and synthetic plastics have for long Dbeen
employcd in tie various branches of surgery for the
Tepair of tissue defects or for the promotion of healing :
for example, to replace bone after head injury, to nail
fractured bones, ote.

Such materia’s must have certain properties. They
must not irriicoe tissues, must remain withous
corrosicii in the hody, must be sterilizable, etc.
The r:cials and plastics now in use usually mect
these roquiremewns (1).

However, receat advance in surgery has demanded
further improvements. There are now several opera-
tions i owhich the implaniced graft is to remain in
place .1y temporarily to fix, isolate someo part,
or 10wl as & waide, because in its presence the or-
ganism’s capacity tor resencration and the morpho-
genetic mfluence of function makes the development
of new tissue possible. 1t is known for oxample that
the fusion of artienlar surfaces from which the cartilage
has beeir vemoved can be prevented by tho aid of
metallic or plastic cups under which new cartilage
will form if the joint is properly used. In cases of
fracture, union will proceed smoothly after bone
marrow nailing. Likewise, tissue neogenesis ensuring
funetion may take place in soft tissues, for instance
when adefeet i the bile duet is ropaired by guiding
canalizion with a suitable prosthesis, o. a. a perlon

tube Howcver, once reparation is complete the
implan. Lecomes superfluous or even noxious and is
eveniiooy ejecied. For this reason in many cascs it
has o Lo removed by anotiier operation.

TL.w considerations have induced us to develop
and e nfacture @ material that would promote heal-
ing Ly its prescence in the organism but would bhe

P 1 L .
absorbed completely, and disappear without a trace
after regencration has been completed. :

Absorbable Surgical Plasties (Bioplasts)

In our ecfforts at producing absorbable surgical
plastics, attention was focussed on blood proteins,
mainly on fibrin. We found that fibrin can be isolated
from plasma by a relatively simple procedure and can
be converted into a plastic material suitable for use in
surgery.

The use of proteins is sivnificant, because the proteolytic
enzymes of the cells are capabloe of breaking up the peptide

bonds of proteins, but aro ineffective on tho linkages (e. g.
mothylene bonds) of synthotic plastics. This difference in
bolaviour determines the use of the two kinds of prosthesis.
Synthetic plasties remain in place indefinitely, whereas the
surgical moulds prepared from natural substances (protein)
arc absorbed and can be used when therr presence is required
temporarily. The latter are called bioplasts.

Bioplasts are no substitutes for synthetic plastics,
but, being absorbable, may be used in special ficlds
of surgery, and open up entirely new possibilities (2).

Preparation of Bioplasts

Absorbable moulds can be prepared from various
blood wroteins (albumin, fibrin). By the method we
Lave developed, fibrin can be isolated with high purity,
on an industrial scale (3).

TR

s i-‘/». .

FIG. 1.—Bioplast moulds : tubes, sheaths, nails, plugs, cups.

Crude fibrin is made into flour-fine dry powder. To this are
added plastifying substances, then the mioulds of desired
shape are formed under high pressure and heating, by means
of u pressing machine. Subsequently the moulds are bathed
in cLemicals to make them hard and resilient, on the one Land,
and to adjust absorption time to the actual need, on the oihoer,
Finally, chemical treatment makes the mould less hydropiilie,
preventing its substantial swelling during steril:sation or in
the body (4, 5, 6).
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Wo started work in this field at the Pharmaceutical Re
search Institute (1951—53). The method was then further-
developed in the Central Research Institute of the National
Blood Donor Service (Budapest, 1955—58) and the moulds
are produced there.

By the above method moulds of various shapes:
tubes, sheaths, rods, nails, plugs, cups, etc. may be
obtained (fig. 1).

At present, bioplasts are made of human fibrin.
It is known, however, that after suitable purification
and heat treatment, fibrin products made of hovine
or pig plasma may also be used in clinical practice
(7,8, 9).

Properties of Bioplasts

In appearance bioplasts are similar to ‘synthetic
plastics but their consistency can be altered  greatly
by the addition of plastifying substances and chemical
treatment. In this way the preparation can be made
to meet the anatomical and histological requirements
of the actunal operation.

The fibrin grafts may be regarded as homeoplastic
materials which contain no ingredients or toxic com-
ponents noxious to tissues. Their greatest advantagoe
lies in being broken down through the proteolytic
enzymes produced by the cells and in being absorbed
completely (10).

The characteristic propertics of bioplasts are
summarized in table I and table 1I.

TABLE I—CHARACTERISTIC PROPERTIES OF BIOPLASTS

Resilient mould, similar to cartilage in

Consistency hardness

Colour Yellowish-brown, transparent

Smell Reminiscent of broth

Specific gravity 1.22 to 1.30

Species specificity | No antigenic properties

1 to 6 months, depending on chemical

Rate of a.bsor_pt.ion troatment

Sterilizability Sterilizable in autoclave at 120° C, 1.2 atm.

TABLE II-MECHANICAL PROPERTIES OF BIOPLASTS

Compressive strength I 140 to 760 kg./square cm.

Tensile strength ' 110 to 830 ka./square cm.

|
|

Bending strength 95 to 350 kg./square cm.

Impact-bending strength ‘ 10 to 30 em.kg./square cm.

Various Uses of Bioplasts

Our preparations are now in use in various ficlds
of surgery. Although statistically the data obtained
hitherto are not too numerous, it scems justified to
present here a brief survey of some of the results
achicved by the use of bioplasts.

Protection of Peripheral Nerve Sutures by Fibrin Sheath

End-to-end sutures are often unfeasible in neurosur-
gical practice. In such cases it should be ensured {hat

2
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FIG. 2.—Fibrin sheath for.the protection of peripheral nerve .

suture, 13 days after grafting. Cross section, magnified about

60 times. The connective tissue coat around the fibrin tube is only
loosely attached to the epineurium (11).

the nerve stumps unite through the growing axons
and that conncctive tissue should not overgrow the
regenerating nerve.

Afra ot al. (11) made preliminary studies in cats.

A picco of 5 to 10 mm. length was excised f~om the sciatic
nerve, the stumps were pulled into a previously prepared
fibrin sheath and were sutured {fixed) to the wall of the sheath
so that the two ends were separated by a distance of 10 to
12 mm. The fibrin sheaths employed were 3 to 4 em. long,
had an internal diameter of 3 to 3.5 mm. and g wall thickncss
of 0.6 to 0.9 mm.

The animals were killed 4 to 240 days later and the area.
of operation was examined histologically. Microscopic studies
showed that at first the fibrin sheath was covered by a coat
of connective tissue (fig. 2), then the proteolytic enzymes began
to break down the sheath, which was absorbed in about four
to five months. Thereafter the nerve lay free in the muscular
interspace. )

As regards the efficacy of the method, it is important,that
the conncctive tissue coat around the fibrin sheath was only
Joosely connected with the epineurium and did not interfere
with regencration.

In these operations the fibrin sheath acts as an
itinerarium for the axons growing from the proximal
stump and bridges over the distance between the
two stumps. Moreover, it creates favourable conditions
for regeneration and prevents the formation of ad-
hesions hetween the lesioned nerve and adjacent

~ tissues.

After the successful animal experiments, Afra et al.
introduced the method into clinical practice, with full
success in the 10 cases reported on thus far. Regenera-
tion was oxcellent, even when there was a distance
of 10 inm. between the nerve ends in the fibrin sheath
after operation. In one case the glass splinters causing
the nerve lesion could not he completely removed.
At reoperation eight months later in order to remove
the forcign hodies it was found that the fibrin sheath
had heen absorbed and the nerve lay free in its
envirenment. In a few cases sterile seroma was formed,
but this did not interfere with the success of
operation

Systematie clinical and electromyographic studies in
the course of healing showed that regencration was
complete and funetion highly satisfuctory. The method
has been in continuous use since publication of the
report.
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¥1G. 3.—Recanalization of sbliterated uterine horn by aperation

asing fibrin tube. Radiographic appearance of rabbil uterus filled

with lipiodol four weeks after implantation of fibrin tube. Morpho-
logical and runctional repair is complete (13).

Similar considerations have led Bir6 of al. (12) to <«

usc fibrin sheaths around tendon suturves, to cnsurc

free mobility of tendon among the tissues.
Yibrin Tubes for Canalization

Patat aud Bagdy (13) applied small-calibre fibrin
tubes in their studies on the recanalization of the
Lallopian tube. At first they ecarried -out modcl
experiments on rats, rabbits, and dogs, trying {o
recanalize artificially obliterated uterine horns. In the
preparatory operation the horn was opened, clectro-
canterized, and united by suture. At rcopceration,
two weeks later when obliteration was ascertained,

I'IG. 4.~ Connective tissue coat rich in fibres seven months after
dmplantation of fibrin tube for the repair of common bile duct.
Only traces of the fibrin tube are visible,
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the adhesion was severed and a fibrin tube inscrted
into the horn. The tubes cmployed had an internal
diameter of 1 to 1.5 mm. and a wall thickness of 0.2
to 0.3 mm.

The fibrin tube ensured fluid flow in tho horn and, in contrast
with tho controls, prevented the development of hydromotra.
The internal wound surfaces epithelialized rapidly and tho
tube, us it were, guided the growth of a now tissue structure.
ven when obliteration was oxtensive, the mucosa was found
Lo grow over thoe lesioned arca, under the protection of the tube,
Pateney of the lumen is illustrated in fig. 3. Clinical use of
the method is in progress.

Pataky ct al. (34, 15) have used fibrin tubes for the
repair of the common bile duet. In experiments, com-

. mon bile duct repair was performed on 16 dogs. The

fate of the inserted tubes was oxamined between six
weeks and cleven months after operation. Microscopic
studics revealed no change in the heart, spleen, kidney,
lungs, or brain, and the peritoncum showed no sign
of irritation. There was no local inflammation around
the tube graft. During the first five months a small

number of leucocytes that appeared around the tube

took part in the phagocytosis of fibrin.

Absorption of the tubes was uneventful. In the
third month the tubes dissociated into fibres, then
broke up. Only residue of fibrin was detectable in
the seventh month (fig. 4). Finally, by the eleventh
month even traces of the fibrin tube had disappeared.

The role of the common bile duct was taken over by a tube
of connective tissue wiieh bad formed around the fibrin tubo
graft, as could bo ascertained by the aid of contrast medium
and radiography. Unfortunately, canalization was imperfect,
presumably beeause of the strangulation and irritation exerteq
by the sill ligation on the tissues. It bas therefore been ©on-
cluded that the qguality of the thread used for ligation a,q
tho technique of operation aro-of paramount importance,

Sy
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FIG. 5.—Two years after vitallium cup arthroplasty.

Bony proliferation severely restricting motion is visible around the

metal cup.
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FIG. 6.—Fibrin cup for hip joint arthroplasty in dogs, shaped
after 2 model femoral head (22).

Realizing this, Fréhlich and Ambrézy (16) used
0 catgut for ligature in clinical trials, since catgut is
absorbed and thus cannot cause lasting strangulation
or stricture. They used fibrin tubes when the defect in
the common bile duct amounted to 2 to 3 em. between
the two ends and this gap could not be bridged over
by mobilization. Instead of the formerly employed
rubber or plastic prosthesis they introduced a fibrin
tube into the stumps, suturing a cuff of soft tissue
onto the surface of the tube. The tubes used wero
3 to 4 cm. Jong, 5 mm. in internal diameter, with a wall
thickness of about 1 mm. To coat the tube with
surrounding - tissues is essential from the point of
view of regeneration, because canalization starts from
these tissues, along the fibrin tube.

The patients thus operated have no complaints -

one year after surgery.

Fibrin Cups in Arthroplasty

One of the chief aims in orthopedic surgery is the
formation of new joints by restoring mobility of

ey

FI1G. 7.—Ilip joint 50 days after operation. The articular space
is absolulely free, there is no trace of fibrin any longer (22),

4
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FIG. 8.~Microscopic appcarance of newly formed islets of carti-
Iage on articular surface (22).

joints ankylosed owing to -pathological processes or

* congenital abnormality. If the joint is exposed sur-

gically, the cartilage removed and arthroplasty
performed, this will usually fail to bring about the
desired results, .partly because the contact and shift.
over one another of the denuded surfaces produces:
scrious pain and partly because bony union is almost
certain to ensue.

So far, the greatest advance in this field was repre-
sented by the vitallium cup method of Smith-Petersen
(17). This prevents bony union, makes early passive,.
then active, comparatively painless cxercise possible,.
which is important for the neogenesis of cartilage.

Krompecher (18), Gibbson and Williams ( 19), then.
Rabl (20) presented morphological evidence to show
that cartilage was formed on joint ends when moved
under loading. The same was proved in two cases.
described by Zinner and Biré, in which reoperation
was necessary because of dislocation. Thus the cup,
under whose protection the cartilage develops, makes:
itself unnecessary.

ITowever, vitallium cup arthroplasty has serious disadvan-
tages as well. The mobility of the joint is not normal, because:
the vitallium cup moves separately in the acetabulum and
the femoral head moves separately in the cup. Smith-Petersen.
himsclf reported (21) that, although by no means hetero-
plastic, the mere presence of the vitallium cup caused bony
proliferation. Also Zinner and Biré stated that ihe nowly
formed bone (neostosis) slowly surrounds the cup, restricts
motions and thie joint becomes painful (fig. 5). Hence in such
cases the cup is not only superfluous, hut even detrimental
for articular function. It is seldom feasible to remove it,
because reoperation for the purpose exposcs the patient to
equally great stress again,

rm M
__l’hc bioplast cups recommended Ly Zinner and
Biré have none of the disadvantages associated with

FIG. 9.—Appearance and cross section of fibrin cup for hip joint
arthroplasty in man.
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FIG. 10.—TFibrin cup placed on femoral head during operation.

heterologous material. These authors first tried
such cups in the hip joint of dogs (22). The cup was
modelled after a femoral head (fig. 6). At operation
the cartilage was removed from the femoral head.

The experimental animals were sacrified 28 and 50 days after
operation. At 28 days tho cup had become thinner, but was
stil? in place. In 50 days the fibrin cup, having produced the
desired effect, was absorbed (fig. 7). The joint spacc was
absolutely free and the joint was freely movable. Thus the
disappearance of the prosthesis ensures physiologic repair and
also precludes any deformation of bone caused by the presence
of heterologous material.

__On the articular surface microscopic study showed
islets of newly formed cartilage that facilitated
mobility of the newly formed joint (fig. 8).

Tho dogs began to walk shortly after operation,«
and tolerated stress on their limbs without any sign
of pain. It is remarkable that if the animals were
not allowed to walk, only a fibrous collagenous mass,
but no hyaline cartilage, developed, in complete
agreement with the statements made by Krompecher
(18) in. conjunction with cartilage formation after
arthroplasty.

As a result of the evidence obtained in animal
experiments, fibrin cups have been in clinical use
since 1955 (23, 24, 25). Most patients had been bed-
ridden before operation, being unable to move their
hip joints.

After studying the anatomy of the human hip joint,
wo prepared cups nearly hemispherical in shape, 51,

-y SV T — —
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FI1G. 11.— After operation the limb is moved to ascertain whether
the femoral head is moving in the acetabulum.
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FIG. 12,—Mobility of a 32 year old female patient 3 3 years after
fibrin cup arthroplasty.

47, or 44 mm. in external diameter (fig. 9). The wall
thickness was 2.5 mm. on the top of the hemisphere
(where exposure to weight-bearing is greater), 1.5 mm.
at the side, with slightly thicker margin. The various

sizes were destined for use in males, females, and

children, respectively.

At operation the hip joint is exposed, the femoral head is
dislocated from the acetabulum, the uneven surface is smooth-
ed. Then the sterilized fibrin cup is-pulled on the femoral
head, so that it should fit tightly on the surface (fig. 10).
The fibrin cup, easily put in place, is not fragile, and fits well
on the newly formed articular end. Finally, the femoral head
is brought back into place in the newly formed acetabular

articular cavity, then the wound is closed. With the patient

still under general anaesthesia, the limb is moved passively to
ascertain that the femoral head is in fact in the acetabulum
(fig. 11).

Exercise is begun ten to twelve days after operation.
After three or four weeks the patient is allowed to get up;
he walks with crutches for half a year, and then gradually
exposes the operated limb to weight-bearing.

Zinner and Biré (23, 24, 25) reported on 9 cases of
hip joint arthroplasty. The pathological conditions
for which surgery had to be performed were congenital
luxation, chronic polyarthritis, deforming osteoarthri-
tis of the hip joint, ankylosing spondylitis (von
Bechterew’s discase), and reoperation after vitallium
arthroplasty. Except for the two cases of ankylosing
spondylitis, the results of surgery were good. The
beneficial cffect of fibrin cup arthroplasty is illustrated
by the casc of Mrs. M. I., aged 32, with arthrosis
(osteoarthritis) coxae (fig. 12).

Shortly after operation the patients showed re-
markably frce joint mobility and had almost no pain.
Later there was no pain on walking. When passive
exercise is begun, flexion may reach 70 to 90 degrees,
abduction 30 to 40 degrees. Passive mobility decreases
slightly after four to five wecks, but increases again
later. After operation some patients walk without
wobbling, with good stability, others show a slight
Trendelenburg sign.

In the cases of ankylosing spondylitis mobility was satisfac-
tory and painless in the early phase, but soon a restriction of
motion became evident and finally only minimal flexion
remained. The basic condition appears to be responsible for
failure in these cases.

Surgical mortality was nil, suppﬁration did not
occur. In a few cases seroma formation lasting one
to two weeks was noted, but it proved to be sterie

5
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throuchout and did not interfere with the success of
opcration.

Fibrin prostheses have been used by authors
in 7 cascs in operations other than hip joint arthro-
plasty, including such conditions as radio-ulnar
synostosis, hallux valgus, statc after poliomyelitis,
ankylosis of the knce or of the elbow joint. The results
were good, function being excellent as late as 3 to
3 1/2 years after operation.

On the basis of these results, Zinner and Bird
believe that fibrin seems to have fulfilled the hopes
attached to it in arthroplastic operations and is the
best prosthesis hitherto employed. They emphasize,
however, that the absorbable prosthesis is but one
essential requirement in arthroplasty and that the
regenerative power of the body, postoperative treat-
ment, ncogenesis of cartilage, and so forth are im-
portant factors in recovery and should remain the
subject of further study.

-Fibrin Cup Arihroplasty in Tuberculous Covitis

In articular tuberculosis for a long time there was
a general tendency to immobilize the affected joint,
allowing it to ankylose, or when this did not take place
arthrodosis was performed. The advent of antibiotics
encouraged the hope to preserve joint mobility, but
unfortunately the arthroplasties with synthetic ma-
terials mostly produced poor results. Attempts havo
therefore been made to use fibrin cups also in such
conditions.

Sinco 1955, Kovies has performed fibrin cup arthroplasty
in 18 cases of tubereulous coxitis (26, 27) with fairly favourahle
results. llowever, the joints were less frecly movable than
expected, presumably becausc postoperative excrcise bad been
too cautious and because tuberculolic tissues are known to
heal with scar formation. On tho other hand,’ the patients
could return to work, had neither complaints nor symptoms
and can be considered cured. Arthrodesis was not performed.
In two instances ankylosis developed ; no {urther operation
was undertaken in these cases.

At first indications were rigidly restricted, but in”
view of the good results the ficld of indications has
been widened. Whenpever there is a  pathological
process causing minor damage to the hip joint, fibrin
cup arthroplasty is one of the possibilitics at operation,
and is performed if the condition of the affected arca
permits it.

Pretreatment consists in completo rest and administration

--of antituberculotics over a period of one to two months. At

operation, Smith-Petersen’s incision and sparing rescetion
are applied. The defects caused by destruction are filled with o
mixturcof fibrn powder and blood cake, or with ground bone,
and after shaping of the jont surfaces the fibrin cup is pulled

e e e a3 o e iy g

FIG. 13.—Appearance of a 12 year old boy with tuberenlous
coxitis prior to arthroplasty. Motions restricted and painful,
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I 14.—Radiographs of the hip joint of the patient shown in
fig. 13. (a) Before operation. lixtensive and deep tuberculous
changes in the pelvis. (b) One month after operalion. Antibiolics
brought the process to a standstill, the joint remained movable,
The fibrin cup still present in the joint gives no x-ray shadow,. (¢)
7 wonths after operation. The bone defect is disappearing. 1d) 2 1%
yvears after operation. The destroyed bone has regenerated, the
tuberculous aflection has healed (27). )

on the head of the femur. The joint is drained, then through
the drain blood is sucked off and hyaluronidase - hydrocorti-
sono - stroptomyein 4- INIL are injected over a period of
four to fourtcen days. Immobilization in plaster or extension
bandage is employed for three to four weeks,

Initintion of passive and active cxercise depends on tho
outcome of surgery and on the histologic findings. Excrcise
is begun one month after surgery when the activity of ithe
process has Deen only slight, and two months after surgery
when it has been more severe before operation. Later sub-
acual oxercise, walking with crutches, ete. follow,

in general, surgical results arc good as regards
healing of tuberculosis and  weight-bearing, —and
satisfactory as far as mobility is concerncd. When

the operalion has been decided upon after carcful

consideration and where pre- and postoperative
management has been adequate, mobility does not
interfere with healing. Even tuberculotic  tissues
tolerate the presence of the fibrin cup well, and, as
shown by radiography, sufficient cartilage is formed
under the cup in three to six months. As an illustrative
example, we present the case of B. 1., a boy aged
12 vears (fig. 13, 14, 15).

Fibrin Cap Arthroplasty of {he Mandibular Joint

Tn rabbit experiments Irankl and Guoth resected
the cartilage from the mandibular joint, pulled a

|
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FIG. 15.—~Mobility of the patient 3 years after fibrin cup arthro=-
plasty of the hip joint. .

fibrin cap of suitable size on the denuded articular
surface, and found that hyaline cartilage developed on .
the articular surface. Frankl(28)introduced themethod : ) N
into oral surgery. Of his material, we present a case | RN P
of ankylosis of the left mandibular joint (H. 1., male, | . : %
aged 18 years). At the age of 5 years, scarlet fover B . :
with purulent otitis media developed. An operation S ot

was performed, yet the process spread to the mandi- ’ - TN
bular joint and caused ankylosis. The fibrin cap || ‘ : '
employed was shaped after a model mandible (fig. 16G).« |~

The patient had undergone two operations previously, : St e N
bl.lt he,,COUId not open his mouth to more than 3 mm. FIG. 16. Fibrin cap for mandibular joint arthroplasty, shaped
(fig. 17a). . after a model mandible.

After exposure, the mandibular joint was mobilized,
a small finger-sized process was shaped on the ascend- The animals were killed two to four months after operation.

ing part of the coronoid process and the fibrin cap It was found that in the operative arca a smooth, shiny
was pulled on it. Immediately after operation the surfaco, pleura-like in appearanco, with a fino scar tissuo
patient opened his mouth spontancously to 2 cm., outline, had doveloped in overy caso (fig. 18). The connective
21/2 years later to 3.5 e¢m. (fig. 1'7b)' tissue formed in pluce. of the fibrin film is finer in structure

The use of the fibrin cap interpositum in ankylosis and conforms histologically more closely to the original thag

. PR . cod that resulting from the use of skin flaps.
of the mandibular joint Is a simple and promising Tho fibrin plato (film) easily breaks at sutures. This difficulty

procedure. » is overcome by strengthening the margin with fibrin fibres
pressed into it, .
Use of Bioplasts in Oilier Branehes of Surgery

1
1
t
1
1

Animal experiments are in progress with a view
to cxtending the indications for the use of bioplusts.
Gergely ot al. (29) apply fibrin plugs to seal the bron-
chial stump after lobectomy. They start out from the
consideration that after lobectomy the closure of
the stump usually causes destruction of the carti-
laginous tube and, though such cases are rare, the
suture may give way. If, however, a bioplast plug of
suitable size and shape is placed in the lumen, hermetic
scaling 'is ensured without destroying the cartilag-
inous wall. The plug can be held in place by sutures
(catgut) in its margins. :

Five dogs were lobectomized in this way. One
animal died of postoperative complications, but
the rvemaining four recovered, with the bronchus
scaled without complication.

Remete et al. have used fibrin plates to repair
chest wall defeets (30, 31) in dogs.

T T T ———p s

Defects varying in size from 5% 8 to 10X 8 em. were created (@) ®)

in tho chest wall. Two of the 7 animals succumbed to operation, {é,gnn}&m(‘x‘,;r:ég"‘?;l#:";fd'}g:ﬁ;ra“ml?dgﬁszlfo‘13 ’;:]‘::f ‘zg‘)’ds 1;2 g’::;:

tho rest made uncventful recovery. after operation. Mandibular motion painless.

N
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FIG. 18.—1tepair of chest wall defect under fibrin film protcction.
The arrows mark the regenerated pleural surface (31).

Absorbable prostheses facilitating nailing or screw-
ing together of fractured bones offer obvious advan-
tages, because they do not remain in place as foreign
bodies after the healing of fracture.

Berentey and Kalabay (32) wanted to elucidato
whether fibrin prostheses retain stability and do
not give rise to unpleasant rcactions in the tissues.

They used rats in their experiments, employing 20 mm.
long, 1.5 to 2 mm. thick fibrin nails, triangle-shaped in cross
section, with pointed tips. The femur was pierced by a dentist’s
drill and the nails were driven into the marrow-cavity, through
-the trochanter.

Tour weecks after implantation the nails were
absolutely intact, and neither the bone nor the
hone marrow cavity showed any sign of absorption
(fig. 19a).

At eight wecks the peripheral arcas of the nail
had been attacked by proteolytic enzymes, but the
main mass was still intact (fig. 19h).

At twelvo weeks the nail had disintcarated, split
into small fragments and lost its stability (fiz. 19c);
thus lysis proceeded fast betwcen the Sth and
12th wecks. These data indicate that the prosthescs
(nails) remain in place long cnough to keep the

v

PR

(@ (b) (c)
FIG. 19.—Fate of fibrin nail (prosthesis) in medullary cavity (a)
4 weeks after implantatlion. No sign of absorption. (b) AL S weeks,
signs of lysis can be seen at the periplery, but the main mass of
the fibrin nait is stll intact. (¢) At 12 .wvecks the nail has disin-
tegrated and most of it hos been absorbed.
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fracture ends together and to allow time for ossifi-
cation. It must be pointed out that absorption time
may be further prolonged by chemical treatment.

The presence of the prostheses (mails) had no
untoward effect either on the bone marrow cavity
or on spongeous bone. .

Besides the above discussed uses of Dioplasts,
many other possible ficlds of application arc being
studied and new suggestions for their usc in the
various branches of surgery are made practically
day by day.

Discussion

In this report we have dealt with the results
already obtained by the use of bioplasts.

We are aware of the fact that our method is far
from being perfect. Nevertheless, some promising
initial results are already on hand. The failures
(for example the restriction of motion in ankylosing
spondylitis after apparently succesful arthroplasty
and the stricture of the common bile duct caused
by ligation with silk) scem to be duc to erroncous
indication or imperfect surgical technique  rather
than to inadequacy of the fibrin graft. Turther
work is necessary in order to cstablish clear-cut
indications, to improve surgical techniques, and to.
specialize the propertics of absorbable bioplasts.
At any rate, there is positive evidence that absorbable
bioplasts are a reality and can be userd as prostheses.

We arc convinced that the hioplasts will stimulate
extensive practical and thcoretical vescarch. Iibrin,
which has been placed in the eentre of our practical
research, plays an important rdle in regencrative
processes and thus the expericice obtained may
bo useful in theoretical work eoncerned with the
latter.

It would be a valuable reward of our work if
biochemists and surgeons showed interest in hioplasts.

Summary

Synthetic plastics are being uscd extensively for permanent
repair of tisstie defects. Advance in surgery. however, has made
it necessary to develop moulds that remain in place only until
tissue regeneration is completed.

Preparations made of protoins, first of all fibrin, have
been found 1o be most suitable for such purposes, the peptide
bonds of protein molecules being broken up by the proteolytic
enzymes of the cells. Weo have suceeeded in preparing moulds of
fibrin which, by their shape and stability, ensure a proper
course of regencration ; then, riving place to normal growth,
thoy disappear completely {rom the area in which they had
been implanted. Thus synthetic plastics may boe used when the
prosthesis should remain in place permancently, and the protein
moulds we have developed will bhe the means of choice when
absorption of the graft after a time is desirable. The latter
type of grafis have been named bioplasts. Tho bioplasts open
up entirely new possibilitics in surgery.

Bioplast moulds have been tried out with success in many
fields of surgery. Sheaths for the protection of nerve sutures,
tubes for the recanalization of the Fallopian tube and for
tho repair of the common bile duct, cups for hip and man-
dibular joint arthroplasty, plues {or sealing bronchial stumps,
films, plates for the repair of defeets in the chest wall, ete.
have been used to good advantaue,

The results oblained are satisfactory and suggest that
bioplasts are useful aids when absorbable grafts are required
in surgery.
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